Introduction {#S0001}
============

Diabetes is a metabolic disorder affecting the ocular vasculature. Although the principal posterior segment changes in diabetes usually occur in the retinal vasculature, additional changes are also observed in the choroid which provides an important blood supply to the outer retina. Diabetic choroidopathy involves choroidal abnormalities occurring in diabetic patients and may participate in mechanisms that lead to the decrease of visual acuity.[@CIT0001]

Several studies demonstrated the possibility of imaging of the choroid using spectral-domain OCT.[@CIT0002]--[@CIT0006] Many studies investigated variation in the choroidal thickness (CT) occurring with changes in age[@CIT0003],[@CIT0004] and axial length,[@CIT0005] or in different ocular diseases.[@CIT0006] Diabetic macular edema (DME) is a major cause of visual loss in diabetic patients.[@CIT0006] There are large differences in the results of papers studying choroidal thickness in patients having DME. Some studies showed that the mean subfoveal choroidal thickness (SFCT) was significantly reduced in these patients[@CIT0006],[@CIT0007] while others reported that SFCT was thicker.[@CIT0001],[@CIT0008]

In this OCT study, subfoveal choroidal thickness in eyes with DME was compared to normal and non-proliferative diabetic retinopathy (NPDR) eyes having no DME. We also assessed the correlation between SFCT and central subfield retinal thickness (CSRT) in eyes with diabetic macular edema. We aimed to find if the SFCT can be used as an indicator of the severity of DME or not and if it can be used to monitor DME progression.

Materials and methods {#S0002}
=====================

This study was performed on 90 eyes of 90 patients at the National Institute of Diabetes in Egypt under the supervision of Cairo University ophthalmology department. A written consent form was obtained from all patients. The National Institute of Diabetes ethics review board approved the protocol. The study was conducted in accordance with the principles of the Declaration of Helsinki. This study included patients with age ranging between 30 and 60 years. Eyes were divided into three equal groups: group A included 30 eyes of 30 type 2 diabetic patients with non-proliferative diabetic retinopathy (NPDR) having no macular edema, group B included 30 eyes of 30 type 2 diabetic patients with NPDR having diabetic macular edema (DME) while group C included 30 eyes of 30 non-diabetic cases as a control group. DME was detected at the fovea (500 µm region) by OCT as a diffuse thickening of 300 μm or more or presence of cystic change or serous retinal detachment.

Exclusion criteria were presence of proliferative diabetic retinopathy (PDR), macular scar, macular ischemia detected by fundus fluorescein angiography, previous laser treatment or intravitreal injection, significant cataract (which does not allow fundus examination), any previous intra-ocular surgery, other causes of retinopathies such as renal disease and hypertension, and presence of refractive errors of more than ±4.0 diopters, because CT may change with refractive state.

We recorded demographic and clinical data of all patients including age, gender, duration of diabetes in years, hemoglobin A1c (HBA1c) and best corrected visual acuity (BCVA) in decimal. Fundus examination using slit-lamp biomicroscopy with a 90 D and fluorescein angiography using a fundus camera (model FF 450; Carl Zeiss Meditec, Jena, Germany) were done for all diabetic patients after pupil dilatation.

SD-OCT (Retinascan RS-3000 advance; NIDEK, Gamagori, Japan) was done for all cases to measure central subfield retinal thickness in retinal mode SFCT in choroidal mode ([Figure 1](#F0001){ref-type="fig"}). The SFCT was measured as a perpendicular line from the outer limit of the hyperreflective line (RPE), to the line representing sclero-choroidal interface ([Figure 2](#F0002){ref-type="fig"}). OCT was done for all cases between 8 am and 10 am to avoid the effect of diurnal variation of CT.Figure 1OCT macula done in choroidal mode showing sclero-choroidal interface.Figure 2Measurement of choroidal thickness. (**A**) The sclero-choroidal interface is marked manually. (**B**) The line connects the marked points automatically by the software. (**C**) Measurement is done automatically between the outer choroid line and retinal pigment epithelium.

Statistical analysis {#S0002-S2001}
--------------------

All data were expressed as mean ± SD. *P*-values of less than 0.05 were considered significant. Descriptive statistics were used for illustrating the mean and standard deviation of quantitative data. Comparison of means to check for statistically significant difference for different variables was conducted using the unpaired *t*-test for continuous independent variables. Pearson correlation was used to calculate the correlation between different variables. All data were computed and conducted using the SPSS (version 20) (IBM Corporation, Armonk, NY, USA).

Results {#S0003}
=======

This study included 30 eyes of 30 patients in each group. Male percentages were 73%, 43% and 57% in groups A, B, and C, respectively. The mean HbA1c level in DME patients was 9.6±0.8 while in NPDR patients without edema was 9.6±0.9. The mean age in group A was 50.4±7.2 years while in groups B and C it was 53.2±5.8 and 44.6±7.1, respectively. Duration of diabetes was 11.5±4.8 years in group A and 11.6±4.5 years in group B. Best corrected visual acuity in decimal was 0.8±0.1, 0.5±0.3 and 0.998±0.019 in groups A, B, and C, respectively. Demographic and clinical data of the three groups are summarized in [Table 1](#T0001){ref-type="table"}.Table 1Demographic and clinical data of the three groupsNPDR-group -ADME-group- BNormal-group- CNumber of eyes303030GenderNo%No%No% Male227313431757 Female82717571343Mean ± SDAge50.37±7.21353.20±5.79244.60±7.069BCVA0.813±0.0780.520±0.2540.998±0.019HBA1c9.64±0.99.61±0.8Duration of diabetes in years11.47±4.81911.63±4.453[^1]

There was a moderate negative correlation between age and SFCT in group B (*r*=−0.455, *P*=0.012). No significant correlation was found between age and SFCT in the other two groups (*r*=−0.321, *P*=0.084 and *r*=−0.242, *P*=0.198 for groups A and C, respectively). We found no significant correlation between BCVA and SFCT in all groups (for groups A, B, and C, respectively: *r*=0.189, *P*=0.316; *r*=−0.195, *P*=0.302; and *r*=−0.181, *P*=0.337). There was no significant correlation between duration of diabetes and SFCT in all diabetic patients (*r*=−0.118, *P*=0.534 and *r*=−0.136, *P*=0.475 for groups A and B, respectively).

The mean central subfield retinal thickness (CSRT) was 229.13±16.2, 336.4±74.85, and 223.13±16.9 µm in groups A, B, and C, respectively. The mean SFCT was 260.6±49.2, 259±50.8, and 252±50 µm in groups A, B, and C, respectively. Data of the three groups are summarized in [Table 2](#T0002){ref-type="table"}.Table 2Data of the three groupsGroup AGroup BGroup CCorrelation between age and SFCT*r*=−0.321, *P*=0.084*r*=−0.455, *P*=0.012*r*=−0.242, *P*=0.198Correlation between BCVA and SFCT*r*=0.189, *P*=0.316*r*=−0.195, *P*=0.302*r*=−0.181, *P*=0.337Correlation between duration of diabetes and SFCT*r*=−0.118, *P*=0.534*r*=−0.136, *P*=0.475Mean CSRT (µm)229.13±16.2336.4±74.85223.13±16.9Mean SFCT (µm)260.6±49.2259±50.8252±50[^2]

Correlation between subfoveal choroidal thickness and central subfield retinal thickness in each group {#S0003-S2001}
------------------------------------------------------------------------------------------------------

We found no significant correlation between CSRT and SFCT in all groups (for groups A, B, and C, respectively: *r*=−0.049, *P*=0.796; *r*=0.239, *P*=0.204; and *r*=−0.021, *P*=0.914).

Comparison of SFCT between DME group and the other two groups {#S0003-S2002}
-------------------------------------------------------------

There is no significant difference in SFCT between group B (DME) on one hand and groups A and C on the other hand (*P*=0.9 and 0.59, respectively).

Discussion {#S0004}
==========

Diabetic retinopathy is a microangiopathy of the retina that leads to capillary occlusion and leakage.[@CIT0009] Histologic examination of the choroid of diabetic eyes showed an increase in tortuosity, focal narrowing or dilation of vessels, presence of sinus-like structures between the choroidal lobules, capillary dropout, and focal scarring.[@CIT0010] Diabetic choroidopathy was also documented using indocyanine green angiography.[@CIT0011] Reliable choroidal thickness measurement can be performed using OCT utilizing different techniques to compensate for decreased signal strength posterior to the retinal pigment epithelium to visualize of the sclero-choroidal interface.[@CIT0001]--[@CIT0006]

In this work, we used high-speed SD-OCT to provide direct uninverted clear images of the choroid, which is different from the enhanced depth imaging technique. SD-Nidek RS-3000 works by averaging 50 B-scans in a single raster line using a light source of 880-nm wavelength. The device is positioned close to the eye to be close to the zero-delay line. We excluded any patient with refractive error more than ±4 diopters to avoid the decrease in CT which occurs with increased axial length.[@CIT0012] We also excluded other confounding factors including previous ocular laser or injection and PDR.

In this work, the correlation between age and SFCT in groups A and C was nonsignificant. Conversely, we found a statistically significant negative correlation between age and SFCT in group B (DME) which is consistent with results of many studies reporting reduction in CT occurring with increase in age.[@CIT0003],[@CIT0004]

There is a great controversy regarding changes of SFCT in diabetic retinopathy and DME. Many studies reported a decrease in CT in diabetic eyes either unrelated to the stage of diabetic retinopathy (DR)[@CIT0007],[@CIT0013] or progressive decrease in CT with advance of the stage of DR.[@CIT0006],[@CIT0014]--[@CIT0016] Conversely, Kim et al and Rewbury et al reported progressive thickening of the choroid with increasing severity of DR.[@CIT0008],[@CIT0017] Xu et al noted that diabetes mellitus led to mild choroidal thickening, but diabetic retinopathy is not associated with CT changes.[@CIT0018]

We found no significant correlation between CSRT and SFCT in all groups. There is no significant difference in SFCT between group B (DME) on one hand and groups A and C on the other hand. This is consistent with some studies reporting no association between DME and CT.[@CIT0013],[@CIT0014],[@CIT0016] However, most authors related DME with decreased CT.[@CIT0006],[@CIT0007],[@CIT0015],[@CIT0019] On the other hand, Hua et al and Kim et al found that CT increases in eyes with DME.[@CIT0001],[@CIT0008]

These contradicting results can be explained by the diversity of pathological changes occurring in diabetic eyes in different proportions, such as ischemia of different layers of the choroid, VEGF secretion and damage to outer blood-retinal barrier. Also, results are affected by different types of OCT devices using different imaging techniques, diurnal variation of CT and the amount of subretinal fluid. This great controversy in results, together with our results, allows us to conclude that CT assessment using OCT dose not actually reflect histological choroidal changes occurring in diabetic retinopathy and cannot be used as an indicator of the severity of DME or monitor its progression. Moreover, absence of significant correlation, in our study, between SFCT on one hand and BCVA and duration of diabetes, on the other hand, makes CT measurement unsuitable to be used as an indicator of clinical effect of diabetes on the eye.

Our study is limited by the small number of eyes in each group, so we could not study each type of DME separately. Another limitation is the manual measurement of a single point in absence of assessment of parafoveal choroidal points; however, we focused on the important subfoveal area that has the greatest impact on nutrition of foveal photoreceptors and vision. The average of CSRT in cases of DME enrolled in our study was 336.4±74.85 µm, which denotes that many of these cases had a mild degree of edema which may be similar to diabetic retinopathy with no edema. Further studies are needed to be done on cases with more severe edema.

Conclusion {#S0005}
==========

Our results showed no apparent relationship between CSRT and SFCT in DME. SFCT in eyes with DME is not significantly different from eyes with no DME including NPDR and normal eyes. CT assessment using OCT is not an indicator of the severity of DME and cannot be used as a monitor of its progression. We recommend searching for other non-invasive tools of choroidal assessment which reliably demonstrate choroidal changes with DME.
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[^1]: **Abbreviations:** BCVA, best corrected visual acuity; DME, diabetic macular edema; HBA1c, hemoglobin A1c; NPDR, non-proliferative diabetic retinopathy.

[^2]: **Abbreviations:** BCVA, best corrected visual acuity; CSRT, central subfield retinal thickness; SFCT, subfoveal choroidal thickness
